Introduction
Surgical resection of pancreatic cancer is the single potentially curative treatment option [1] [2] [3] [4] . The overall 5-year survival rate is very poor and does not exceed 10-15% [5] [6] [7] . Survival as high as 20-25% has been exceptionally reported from high volume centres [8, 9] .
The main problem of pancreatic cancer is the low resectability rate that does not exceed 10-15% of the diagnosed tumours [1] [2] [3] [4] . A significant number of these tumours are unresectable because they infiltrate major anatomic vessels. In addition, other locally resectable tumours present with distant and unresectable metastases at the time of initial diagnosis. Long-term survival may be increased either if the proportion of patients with locally unresectable tumours decreases or if treatments that may control recurrence are developed, and especially the localregional ones.
The sites of recurrence after curative resection are the liver in 50-60%, the peritoneal surfaces in 40-50%, and the pancreatic bed in 50% of the cases [10] . The metastatic lesions may either be the result of undetected cancer emboli on laparotomy or imaging or it may be tumour dissemination during surgical manipulations at narrow limits of resection [11] . If the latter is true intraperitoneal chemotherapy may be effective by decreasing the number of local-regional recurrences. Intraperitoneally administered chemotherapy has been shown to eradicate the microscopic residual cancer emboli in diseases with peritoneal malignancy. The most characteristic of them are tumours of the gastrointestinal tract with peritoneal carcinomatosis [12] , pseudomyxoma peritonei [13] , peritoneal mesothelioma [14] , peritoneal sarcomatosis [15] , or locally advanced ovarian cancer [16] . However, the beneficial effect of HIPEC in peritoneal sarcomatosis has been debated [17] . In other publications the role of HIPEC in ovarian cancer does not appear to be clear [18] or the role of EPIC does not seem to improve survive when used additionally to HIPEC [19] .
Preliminary results after potentially curative resection of pancreatic cancer in combination with HIPEC are encouraging and show that loco-regional failures may be eliminated [20] .
The purpose of the study is to identify the effect of HIPEC as an adjuvant after potentially curative surgery in patients with pancreatic carcinomas. The main objectives of the study are to identify (1) the overall survival and (2) the number of recurrences as well as the sites of failure. The hospital mortality and morbidity with special emphasis to toxicity of gemcitabine is the secondary objective. 0  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  3  4  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   61  62  63  64 Patients -methods This is a prospective study designed in April 1999 and modified in April 2007 by excluding patients with peri-ampullary tumours who were included in the initial design. Patients with resectable pancreatic carcinomas that did not have distant metastases as assessed by routine preoperative staging (physical examination, CT-scan, MRI, and bone scanning) were included. The study was approved by the Ethical Committee of the Hospital and patients signed an informed consent prior to accepting the treatment. The diagnosis was possible by physical examination, haematological-biochemical examination, tumour markers (CEA, CA 19-9, and CA-125), endoscopy, CT-abdominal and thoracic scanning, or MRI, and bone scanning.
Patients between 16 and 90 years of age, with acceptable cardiopulmonary function, satisfactory renal function (blood urea level <50 mg/dl, and creatinine level <1.5 mg/dl), satisfactory liver function (other than hepatobiliary obstruction), white blood cell count >4000/ml, platelet count >150.000/ ml, and acceptable performance status (Karnofsky performance status >50%) were included in the study.
Patients with evidence of distant metastatic disease (liver, osseous, brain, and pulmonary), those who had previously been treated with systemic chemotherapy, with prior malignancy at risk for recurrence (except for basal cell carcinoma or in situ carcinoma of the cervix adequately treated), with poor performance status (Karnofsky scale <50%), with psychiatric diseases or addictive disorders, and pregnant women were not included in the study.
Treatments
Patients with cancer of the head of the pancreas underwent subtotal pancreatoduodenectomy (Kausch-Whipple procedure) while those with tumours of the body or tail underwent distal (left) pancreatectomy. HIPEC was performed for 60 min at 42. C with gemcitabine at a dose of 1000 mg/m 2 after tumour resection and before the reconstruction of the alimentary tract. HIPEC was possible with the Coliseum technique (open abdominal). A heater circulator with two roller pumps, one heat exchanger, one reservoir, an extracorporeal system of two inflow and two outflow tubes, and four thermal probes was used for HIPEC (Sun Chip, Gamida Tech, Villejuif, France). A prime solution of 3 l of Normal Saline was instilled prior to the administration of the cytostatic drug. As soon as the mean abdominal temperature exceeded 40 C, gemcitabine was administered in the abdominal cavity.
During perfusion, adequate fluids were administered in addition to dopamine 3 lg/k. bw, in order to maintain diuresis at 500 ml/h. Dopamine was also used for 24 h after surgery at the same dose to maintain diuresis at the same levels.
The reconstruction of the alimentary tract was always made after the completion of HIPEC. This was possible with an end-to-side pancreato-jejunal anastomosis, an end-to-side choledocho-jejunal anastomosis in continuity, and a Rouxen-Y gastro-jejunal anastomosis at 60 cm with a second jejunal loop after subtotal pancreatoduodenectomy. After distal pancreatectomy, the resection line of the remnant of the pancreas was always sutured with 3.0 silk.
All resected specimens were sent for histopathological examination and definitive staging. The intra-operative and postoperative complications were carefully recorded and treated. Stage III patients were scheduled to receive additional systemic chemotherapy with gemcitabine and 5-FU.
Follow-up
All patients were followed-up at 3-month intervals for the first year and at 6-month intervals later with physical examination, haematological-biochemical examinations, tumour markers (CEA, CA 19-9, and CA-125), CT abdominal and thoracic scanning or MRI. Recurrences and the sites of recurrence were recorded.
Statistical analysis
The variables that were correlated to survival were the gender, the anatomic distribution of the tumour, the performance status, the pT, the pN, the pTNM stage, the degree of differentiation, and the use of adjuvant chemotherapy. The proportion of patients with a given characteristic was compared by chi square analysis or by Pearson's test. Differences in the means of continuous measurement were tested by Student's t-test. The survival curves were obtained using the Kaplan-Meier method. Cox's regression model was used for multiple analysis of survival. A two-tailed p values <.05 was considered statistically significant.
Results
From April 2007 to April 2016, 33 patients with resectable pancreatic cancer were included in the study. The mean age of the patients was 67.8 ± 11.1 years (38-86). The characteristics of the patients are listed in Table 1 . Histopathology confirmed that all patients had ductal pancreatic carcinomas and complete pathologic staging was possible (Table 1) .
During the postoperative period (45 days), eight patients (24.2%) were recorded with complications which are listed in Table 2 . One patient with postoperative bleeding was re-operated immediately and bleeding was successfully controlled. Another patient with anastomotic failure also required re-operation because of failure of the choledochojejunal anastomosis which was successfully controlled by T-tube insertion. The remaining two patients with anastomotic leaks were successfully treated conservatively. As a consequence, the re-operation rate was 6.1%. One patient was recorded with grade II neutropenia that did not require any specific treatment. The mean blood loss was 320 ± 200 ml (80-820). The mean operative time was 388 ± 120 min (185-592). The mean number of transfused units of FFP's was 3 ± 2 (0-8), and the mean number of transfused blood units was 2 ± 2 (0-4).
The hospital mortality rate was 6.1% (two patients). One of them died because of acute respiratory distress syndrome 119  120  121  122  123  124  125  126  127  128  129  130  131  132  133  134  135  136  137  138  139  140  141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156 and the other because of sepsis with an unknown primary site. The mean hospital stay was 17 ± 7 (9-45) days.
The overall 5-year survival rate was 24%. The 1-, 2-, and 3-year survival rate was 46.7%, 37.6%, and 28%, respectively. The mean and the median survival time were 33 ± 6 and 13 months, respectively (Figure 1 ). The degree of differentiation (p ¼ .031) and the use of adjuvant systemic chemotherapy (p ¼ .036) were found to be related to survival. Eighteen patients (54.5%) received additional adjuvant systemic chemotherapy with gemcitabine and 5-FU. The median survival of the patients that received systemic chemotherapy was 25 months and of those that did not receive was 11 months. The degree of differentiation was the single prognostic indicator of survival (HR ¼ 5.891, p ¼ .015, 95% CI ¼1.187-5.018).
One patient with stage II disease and another with stage I died during the immediate postoperative period. The median disease-free survival time was 9 months. The median followup time was 11 months. During the follow-up, 20 patients (60.6%) were recorded with recurrence. One of them was T 2 N 1 stage, seven were T 3 N 0 stage, and 12 were T 3 N 1 stage. Liver metastatic disease was recorded in 17 patients (51.5%) and local-regional metastases in 3 (9.1%). All patients with local-regional recurrences were found to be stage T 3 N 1 . Currently eight patients (24.2%) are alive without disease, 19 patients (57.6%) died due to disease recurrence, five patients (15.2%) died of other causes unrelated to cancer, and one patient (3%) is still alive with disease 3 years after initial treatment. Histopathologically the disease-free patients were T 1 N 0 (one patient), T 2 N 0 (two patients), T 2 N 1 (one patient), T 3 N 0 (one patient), and T 3 N 1 (three patients). It is of importance to note that there are three long-term survivors (more than 5 years) without disease. One of them was stage T 1 N 0 , another was stage T 3 N 0 , and another one was stage T 3 N 1 .
Discussion
In 1985, the Gastrointestinal Study Group reported that chemoradiation offers significant survival benefit in patients with pancreatic cancer after surgical resection [21] . A decade later a similar study conducted by EORTC did not confirm the same results [22] . In 2004 the ESPAC prospective randomised study showed that in patients with potentially curative resection of pancreatic cancer chemotherapy only offered significant survival benefit [23] . More recent publications showed that chemoradiation is effective offering significant survival benefit in patients with resectable pancreatic carcinomas [24] . In Europe, in addition to surgery, the standard of care is chemotherapy with gemcitabine. In USA, chemoradiation is recommended.
Despite newly developed chemotherapeutic regimens that have shown significant increase in survival, the prognosis of pancreatic cancer still remains poor [25, 26] . In addition, the relevant literature about adjuvant treatments in pancreatic cancer conducts to contradictory conclusions and the optimal treatment remains controversial. Unquestionably, it is likely that even radical surgery alone is not adequate to definitely treat patients with pancreatic cancer and effective adjuvant treatment is required [27, 28] .
The pathophysiology of local-regional recurrence remains unclear. It has been assumed that surgical resection of a tumour located in narrow limits results in local-regional recurrence because cancer emboli from interstitial tissue   237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295   296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353 354 trauma, or severed lymphatics, or venous blood loss disseminate in the traumatised peritoneal surfaces of the abdominal cavity. These emboli are entrapped in fibrin, and, during wound healing, stimulated by growth factors give rise to recurrent tumours after 2-3 years following initial surgical manipulations [11] . Intraperitoneal chemotherapy has been shown to be effective in eradicating residual cancer emboli in several abdominal and pelvic malignancies with peritoneal carcinomatosis either as hyperthermic intraoperative or as early postoperative normothermic one [12] [13] [14] [15] [16] 29] . The advantage of intraperitoneallly used chemotherapy is the high drug level that can be achieved by low systemic exposure [30] . As a consequence, intraperitoneal chemotherapy appears to be a rationale alternative in eradicating the entrapped residual cancer emboli after pancreatic cancer surgery. In addition, intraperitoneal chemotherapy may have a favourable effect in systemic circulation. It has been found that the measured portal vein concentrations exceeded the measured concentration in other vessels when 5-FU was administered intraperitoneally [31] .
High-risk patients with pancreatic cancer undergoing potentially curative resection have been effectively treated with systemic adjuvant chemotherapy with gemcitabine [32] . Nevertheless, systemic chemotherapy has not been shown to control local disease effectively. Laboratory and clinical studies have shown that the intraperitoneal use of gemcitabine may effectively target local control. There is much evidence from laboratory studies that the intraoperative intraperitoneal use of gemcitabine may prevent the development of peritoneal dissemination. In addition, it has been referred that the extent of peritoneal carcinomatosis is reduced if early postoperative intraperitoneal chemotherapy is used [33] .
In a limited number of patients that underwent surgery in Washington Hospital Centre, the data showed that intraperitoneally administered gemcitabine in combination with heat at 1000 mg/m 2 in 3 l had marked local-regional exposure [34] . The area-under-the-curve ratio of concentration times time for intraperitoneal to intravenous drug was 210 [35] . In a clinical study in patients with advanced pancreatic malignancy, intraperitoneal gemcitabine was well tolerated with no toxicity [32] .
The preliminary results of surgery and intraperitoneal chemotherapy in pancreatic cancer patients from Washington Hospital Centre have shown that there was no haematologic toxicity [34] . Our preliminary data with the intraperitoneal use of gemcitabine as an adjuvant have shown that the method is well tolerated with minor toxicity in only one patient [20] . This has been reproduced in our final results with only one patient presenting grade II neutropenia that did not require any specific treatment. There has been no evidence incriminating intraperitoneal gemcitabine for three anastomotic leaks. From an international multicenter study with HIPEC following distal pancreatectomy and cytoreductive surgery, the method appears to be reasonable with minor toxicity [36] . Advances in surgery, anaesthesia, and perioperative care have resulted in significant decrease of morbidity and hospital mortality especially in high-volume centres even in elderly patients [37] [38] [39] . Although it is obvious that all patients underwent treatment in a small-volume centre, the hospital morbidity and mortality are acceptable.
There has been much evidence that there is a positive effect on local-regional recurrence with the use of intraperitoneal gemcitabine [20, 34] . The present study has reconfirmed the above data once only three patients (9.1%) have been recorded with local-regional recurrence. All these patients were T 3 N 1 stage. This histopathological finding confirms that locally advanced tumours have the tendency to disseminate locally during surgery. However, there were one patient T 3 N 0 , and three T 3 N 1 patients who are still disease free. This means that HIPEC may significantly eliminate the risk of local-regional recurrence in high-risk patients. On the contrary, the overall 1-, 2-, 3-, and 5-year survival rate has been found to be 46.7%, 37.6%, 28%, and 24%, respectively, which is similar to survival that has been reported from highvolume centres [24, 40] . The weak point of the study is the short time of follow-up and the small number of the included patients. However, three patients live without disease more than 5 years.
Conclusions
The data possibly indicate that HIPEC as an adjuvant treatment after potentially curative (R 0 ) resection of pancreatic cancer may effectively control the local-regional recurrence. Prospective randomised studies are required for the documentation of these findings . 355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393  394  395  396  397  398  399  400  401  402  403  404  405  406  407  408  409  410  411  412  413  414 473  474  475  476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532   533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590 
